We perform for the first time a detailed fit to theνe →νe disappearance data of the Daya Bay experiment to constrain the parameter space of models where sterile neutrinos can propagate in a large compactified extra dimension (LED) and models where non-standard interactions affect the neutrino production and detection (NSI). We find that the compactification radius R in LED scenarios can be constrained at the level of 0.57 µm for normal ordering and of 0.19 µm for inverted ordering, at 2σ confidence level. For the NSI model, reactor data put a strong upper bound on the parameter εee at the level of ∼ 10 −3 , whereas the main effect of εeµ and εeτ is a worsening of the determination of θ13. [3] experiments, the standard picture of neutrino oscillation seems now to be very well established, with only few items to be clarified, namely the presence of CP violation in the PMNS mixing matrix and the ordering of the mass eigenvalues. Beyond this standard picture, the possibility that new physics can affect neutrino oscillation is not excluded and, although expected to be small, deserve a closer look. A popular interesting model of new physics in neutrino oscillations is the one where sterile neutrinos can propagate, as well as gravity, in large δ compactified extra dimensions (LED) [4] whereas the Standard Model (SM) lefthanded neutrinos are confined to a four-dimensional spacetime brane [5] [6] [7] . Experiments based on the torsion pendulum instrument set an upper limit on the largest compactification radius R < 37µm for δ = 2 at 95% CL [8] . Much stronger bounds can be set by astrophysics [9] but they are not completely model independent, so an analysis of the constraints coming from neutrino oscillation data still deserves a lot of attention. Since scenarios with only one extra dimensions have been already ruled-out [8], we assume to work with an effective 5-dimensional theory in which only the radius R of the largest new dimension is the relevant parameter for neutrino oscillation. Under these assumptions, the transition amplitude ν e → ν e in vacuum is given by [7] :
After the recent measure of the reactor angle by T2K [1] , Daya Bay [2] and Reno [3] experiments, the standard picture of neutrino oscillation seems now to be very well established, with only few items to be clarified, namely the presence of CP violation in the PMNS mixing matrix and the ordering of the mass eigenvalues. Beyond this standard picture, the possibility that new physics can affect neutrino oscillation is not excluded and, although expected to be small, deserve a closer look. A popular interesting model of new physics in neutrino oscillations is the one where sterile neutrinos can propagate, as well as gravity, in large δ compactified extra dimensions (LED) [4] whereas the Standard Model (SM) lefthanded neutrinos are confined to a four-dimensional spacetime brane [5] [6] [7] . Experiments based on the torsion pendulum instrument set an upper limit on the largest compactification radius R < 37µm for δ = 2 at 95% CL [8] . Much stronger bounds can be set by astrophysics [9] but they are not completely model independent, so an analysis of the constraints coming from neutrino oscillation data still deserves a lot of attention. Since scenarios with only one extra dimensions have been already ruled-out [8] , we assume to work with an effective 5-dimensional theory in which only the radius R of the largest new dimension is the relevant parameter for neutrino oscillation. Under these assumptions, the transition amplitude ν e → ν e in vacuum is given by [7] :
where U ei is the first row of the U P M N S matrix, λ (n) i are the eigenvalues of the neutrino mass matrix given by λ
i are the elements of the matrix describing the transition between the zero mode and the n-th Kaluza-Klein states [7] ,
For the normal ordering (NO) we assume m 3 > m 2 > m 1 = m 0 , whereas for the inverted ordering (IO) m 2 > m 1 > m 3 = m 0 . We note that the effect of LED is significant more pronounced in IO than NO because the latter ampli-
and does not suffer of such a suppression. We then expect the IO scenario to give better constraints on R and m 0 than the NO case. Another interesting model of physics beyond the standard three neutrino oscillation is the one called non-standard neutrino interactions (NSI) [10] , in which new physics effects can appear at low energy in terms of unknown couplings ε αβ , generated after integrating out new degrees of freedom, with very large mass scales. In reactor experiments, the new couplings can affect neutrino production ("s") and detection ("d") [11] , so the neutrino states are a superposition of pure orthonormal flavor eigenstates [12, 13] , with L being the sourceto-detector distance, E ν the neutrino energy and ∆m 2) we can recognize the "zero-distance" term driven by ε ee , which gives a non vanishing contribution even in the limit of very small L/E ν . In addition, ε eµ and ε eτ appear with only slightly different coefficients. However, contrary to what happens for ε ee , ε eµ,τ exhibit a strong correlation with the reactor angle which, on the one hand, does not allow to set any stringent bound on them and, on the other hand, can worsen the extraction of θ 13 and ∆m 2 31 from the data [15, 16] . A model-independent analysis [17] has shown that all bounds on production and detection NSI's are at the level of 10 −2 : ε ee < 0.041, ε eµ < 0.025 and ε eτ < 0.041, whereas for the CP violating phases no constraints are known.
In this paper we make use of the recentν e →ν e disappearance data of the Daya Bay experiment to constrain the parameter space of NSI and LED scenarios. Our main results are that neutrino oscillation data can provide strong upper bounds on ε ee at the level of O(10 −3 ), whereas for R the exclusion limits are between 1 and 2 order of magnitudes below the limits quoted in [8] .
The Daya Bay experimental setup we take into account [2] consists of six antineutrino detectors (ADs) and six reactors, D1, D2, L1, L2, L3, L4. The antineutrino spectra emitted by the nuclear reactors have been recently estimated in [18, 19] . For each AD's, the flux of arriving ν e has contributions from the isotopes 235 U, 239 Pu, 238 U, and 241 Pu, with weights reported in [20] ; for a given isotope, we adopt the convenient parametrization of [18] . For our analysis we used the data set accumulated during 217 days reported in [21] , where the detected antineutrino candidates are collected in the far hall, EH3, and in the near halls EH1, EH2. A bin-to bin normalization has been fixed in order to reproduce the unoscillated rates. The antineutrino energy E νe is reconstructed by the prompt energy deposited by the positron E prompt using the approximated relation [2] : E νe E prompt + 0.8 MeV. The energy resolution function is a Gaussian function with σ(E)[MeV] = 0.08 E ν /MeV − 0.8. The antineutrino cross section for the inverse beta decay (IBD) process has been taken from [22] . In order to perform a proper statistical treatment of correlations and degeneracy, we used a modified version of the GLoBES software [23] and construct an adequate definition of the χ 2 function [2]:
In the previous formula, S is a vector containing the new physics parameters, M , η d , α r ) . The main relevant point in this discussion is which priors must be implemented in the fitting function. Since Daya Bay has measured θ 13 with very high precision, we cannot use its determination to constraint the reactor angle when fitting the new physics parameters, otherwise we would use the same data twice. Similar considerations can also be done for the atmospheric mass difference, which primarily drives the standard oscillation term in P ee . So, when studying LED in the plane (R, m 0 ) and NSI in the plane (ε αβ , φ αβ ), we adopt the following strategy: we do not impose any constraints of θ 13 and we set the uncertainty on ∆m 2 31 at values larger than the current determination: ∆m 2 31 = (2.35 ± 10%) × 10 −3 eV 2 (we carefully checked that leaving ∆m 2 31 completely unconstrained our results do not change). For the atmospheric angle and the solar parameters the situation is a bit different since the standard probability does not depend on them; however, they couple to the new physics parameters, both in LED and NSI scenarios, so we need to impose external constraints, chosen as follows [24] ]-plane, instead, are obtained marginalizing also over R and m 0 for LED and over ε and φ for NSI, in the perturbative regions identified by ξ i ≡ √ 2m i R < 0.2 and ε < 0.041, while φ ∈ [0, 2π].
We first consider the bounds on the size of the large extra dimension R and on the lightest neutrino mass, in the [R, m 0 ]-plane. Our results are shown in left panel of Fig. 1 , where we displayed the 1, 2 and 3σ CL regions. Both ordering of the neutrino masses, and the related values of the χ 2 min /dof, have been considered; solid lines refer to the NO whereas the dashed ones refer to the IO. The horizontal dashed line represents the future upper limit on m 0 from the β-decay experiment KA-TRIN [25] . Since the standard oscillation physics already gives a good fit to the data, small values of R and m 0 are obviously allowed; the correlation existing among these parameters, however, is quite strong and excludes large values of R and m 0 . In particular, bounds on the compactification radius can be set at the level of some units of 10 −1 µm: R < 0.36 (0.16) at 1σ, R < 0.57 (0.19) at 2σ and R < None (0.23) at 3σ for NO (IO). The best fit points (a circle for NO and a square for IO in Fig. 1 ) and the related χ The parameter space for the NSI investigation is larger than for LED, consisting of the moduli ε ee , ε eµ , ε eτ and the new CP phases φ ee , φ eµ , φ eτ . The study of the allowed regions in the [ε ee , φ ee ]-plane is performed marginalizing over all the parameters, including ε eµ , ε eτ and their phases. The result of such a procedure is presented in the left panel of Fig. 2 , where the 1, 2 and 3σ CL have been displayed, together with the obtained best fit point (circle). The vertical dashed line is at ε ee = 0.041. The results can be easily explained using the approximate probability in Eq. (2): a maximal sensitivity to ε ee is obtained in correspondence of vanishing CP phase; in addition, the symmetry around φ ee ∼ π is a trivial consequence of the cos φ ee dependence in P ee . Upper bounds on ε ee can be set of the order ε ee 3 · 10 −3 for φ ee ∼ 0, 2π, and ε ee 5 · 10 −3 for φ ee ∼ π; in both cases, the Daya Bay data significantly lower the existing upper limit on ε ee . The best fit point is: ε ee = 0.001, φ ee = 2.5, with χ 2 min /dof = 45/106. We have checked that, contrary to what described above, the correlation among θ 13 and ε eµ , ε eτ does not allow to set any interesting bounds on them. As for the LED case, we are interested in estimating the determination of the reactor angle θ 13 and the mass difference ∆m 2 31 in presence of NSI. Driven by the considerations after Eq. (2), we study two different cases, both illustrated in the right panel of Fig. 2 ; in the case NSI-I (solid line), we set ε eµ = ε eτ = 0 and marginalize over ε ee and φ ee . We see that the effect is a variation in the determination of sin 2 2θ 13 of some ∼ 30%, and of the mass difference around ∼ 5%. In the case NSI-II (dotted line), we also leave ε eµ and ε eτ and the related CP phases as free parameters; the impact on the determination of θ 13 is really large: beside a drift of the best fit point toward larger values, the allowed 3σ interval covers a broader 3σ range, 0.013 sin 2 (2θ 13 ) 0.22 at 3σ. The obtained best fit points and the 1σ errors for NSI-I and NSI-II are summarised in Tab. II.
In summary, the most recent data of the Daya Bay experiment [21] allow to set strong upper bounds on the new physics parameters involved in LED and NSI scenarios. For the compactification radius R, the limits at 2σ are R < 0.19 µm for IO and R < 0.57 µm for NO, much stringent that the current limits from torsion pendulum experiments. For the NSI case, a special role is played by the ε ee parameter since it is not correlated to θ 13 . The experimental data set a strong upper bound of O(10 −3 ) at 3σ. On the other hand, ε eµ and ε eτ suffer from a strong correlation to θ 13 and, therefore, no significant sensitivity has been found. However, they play a major role in the determination of θ 13 and ∆m 2 31 ; our analysis shows that, even assuming ε ee = 0, the allowed regions for θ 13 are much larger than the SM ones; in addition, the best fit value for θ 13 is driven to values larger by roughly 40%. On the other hand, the determination of the squared mass difference ∆m 2 31 is less affected by this type of new physics and the fit procedures return values very similar to the SM case.
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